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The diagnosis of overtraining status is still based on exclusion [13, 22] . Athletes, coaches and sports physicians feel the need for confirmative diagnostic tools, as exclusion diagnosis contains a large degree of uncertainty. Different variables have been suggested relevant for the diagnosis of overtraining [21] . However, research on confirmative variables is scarce. Through this case report a contribution is given towards the development of confirmative diagnostic tools. In the present paper, recently proposed terminology will be used [13, 15] . The terms overreaching and overtraining will be used as verbs to express periods of a disturbed stress-regeneration balance. Overreaching and overtraining can have a (temporary) negative outcome in terms of performance, fatigue and other complaints as altered eating and sleeping patterns, concentration problems and changed mood states. If the outcome is reversed within a short period of time, the state will be called functional overreaching (FO). The athlete does not experience severe complaints and recovers within a few days or weeks. If the recovery period takes longer than desired, the state is called nonfunctional overreaching (NFO) . Recovery might interfere with the training program, with important games or races and a certain degree of detraining might occur. Only if the outcome is severe, the term overtraining syndrome (OTS) will be used. An athlete with OTS experiences severe fatigue and other complaints and performance decrements will be present for a long time. Recovery from OTS takes several months up to years. OTS does probably not occur as often as has sometimes been suggested [15] . The cause of FO, NFO and OTS is a disturbed stress-regeneration balance. This can be caused by a change in training regime or an important stressful psychosocial event in combination with insufficient recovery. The occurrence of stressors should be evaluated by taking a careful history of the athlete [22] . In addition, a structured questionnaire as the Recovery Stress Questionnaire for Athletes (RESTQ-sport) [8] could be used. The RESTQ-sport assesses the frequency of experienced stressors and regeneration related activities. It has mainly been used in training studies
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The current diagnosis of overreaching and overtraining is based on exclusion. In the present paper, four possible confirmative tools have been examined in three female speed skaters between 16 and 19 years old. A nonfunctional overreached (NFO) athlete, an athlete who was recovering from NFO and a healthy athlete were examined. The NFO athlete showed high stress and low regeneration levels at the Recovery Stress Questionnaire for Athletes. The recovering athlete showed a more favorable profile, although she still showed higher stress and lower recovery than the control athlete. On the Profile of Mood States, the NFO athlete showed an unfavorable profile. The control athlete showed the typical iceberg profile. The recovering athlete showed a profile similar to sedentary individuals. Results on a reaction time task showed decreased performance under pressure for the NFO but not for the control and the recovering athlete. Hormonal reactions to two maximal exercise bouts also differed between the three subjects with an overreaction after the second exercise bout of the NFO athlete as the most remarkable finding. The Recovery Stress Questionnaire for Athletes, reaction times and hormonal reactions to exercise showed to be possible tools that can be used in the diagnostic procedure.
with rowers [5 -7, 20] , but also with cyclists [16] and triathletes [3] . The RESTQ-sport has shown to be a valuable tool for monitoring the reactions to changes in training load [5 -7] . The diagnostic value of this questionnaire has been demonstrated by successfully classifying athletes as FO [3, 16, 20] . However, it has never been used in the diagnosis of more severe cases of overreaching or overtraining. The RESTQ-sport was administered in the present study to assess its value in assessing the stress-regeneration history of the patient. A symptom of a disturbed stress-regeneration balance is a worsened mood state. The Profile of Mood States (POMS) is a commonly used questionnaire in sports [10] . The POMS assesses several aspects of mood, namely tension, depression, anger, vigor, fatigue and confusion. It has shown to be sensitive to FO in some individuals but not in others [11, 16, 19] . The sensitivity of the POMS for NFO is unknown. Only one case of an NFO athlete has been reported in the literature [4] . This athlete showed a severely disturbed mood pattern. In the present study, the POMS was administered to quantify mood disturbances and fatigue. Another consequence of a disturbed stress-regeneration balance can be impaired information processing in the brain. In a recent paper, Nederhof et al. [15] proposed that athletes with NFO or OTS could show psychomotor slowness. Psychomotor slowness can be measured by computerized reaction time tasks. This has been done in two training studies [16, 19] . Rietjens et al. [19] compared reaction times before and after a period of high load training to reaction times of a control group. They found a significant increase in reaction time even though no performance decrements were found [19] . Nederhof et al. [16] compared a group of FO cyclists to a control group. They found differences that are comparable to differences usually found between patients with major depression and controls [16] . Reaction time has never been reported in athletes with NFO or OTS. Therefore, a reaction time task was administered in the present study. A disturbed stress-regeneration balance can also lead to altered hormonal regulation. It is hypothesized that the hypothalamicpituitary-adrenal axis is dysfunctional in athletes with OTS [1, 13, 21] . Measuring hormonal reactions to stress tests seems to give the best results [13, 21] . In the present study, the double maximal exercise protocol as proposed by Meeusen et al. [14] was performed. This protocol enables a comparison between hormonal reactions to two separate exercise tests on one day. Meeusen et al. [14] showed differences between athletes before and after a period of high load training on cortisol and adrenocorticotrophic hormone (ACTH) reactions to the exercise tests. They also showed "hypersensitivity of the pituitary followed by an exhaustion" (p. 145) in an athlete with OTS. The purpose of the present study is to report RESTQ-sport and POMS scores, reaction times, and cortisol and ACTH reactions to a double exercise protocol in three cases, a healthy athlete and two athletes who consulted a sports physician with complaints of underperformance and fatigue.
Materials and Methods
!
Subjects
Three female speed skaters took part in the present study, their anthropometric and training data can be found in l " Table 1 . Two athletes consulted a sports physician with complaints of underperformance and fatigue. The third athlete was tested as a healthy control subject. The two patients were 16 and 19 years old, the control subject was 17 years old. The 16-year-old patient trained 5 times a week, the 19-year-old patient 8 times and the control subject 7 times a week. All subjects raced every weekend in winter. The procedure was approved by the Central Committee on Research involving Human Subjects. All three participants signed informed consent before participation, including approval of both parents of the two underaged subjects.
Diagnostic procedures
All subjects were diagnosed according to recent recommendations [13, 22] before participation. After a careful history and physical examination by the sports physician, blood was drawn to rule out other possible causes for the complaints of the athletes. No possible cause for underperformance or fatigue nor any risk factors for maximal exercise was found in the two patients, and the control subject was found to be healthy. The control subject participated in the study after an intensive training week that was part of her normal training program. The 16-year-old patient had complaints of decreased performance capacity, fatigue and problems with sleeping. Her school results worsened and she did not enjoy speed skating anymore. Her problems started after a period of increased training load during the summer followed by a high-intensity training camp in autumn. Physical examination and blood tests revealed no abnormalities. She needed 4 months of rest to recover from her condition. Retrospectively, it was concluded that she suffered from NFO at the time of the study. The 19-year-old patient was referred to our clinic because of decreased performance, fatigue, amenorrhea, depressed and irritable mood and a disturbed sleeping pattern which existed for over 3 months. These complaints began after a period of increased training load and a gastroenteritis. At time of testing, she reported less symptoms than three weeks before when she consulted the referring specialist. She was less tired, she was menstruating normally again and subjectively reported to be less irritable and less peevish. Physical examination and blood tests revealed no abnormalities. She resumed training at a lower frequency two weeks after she was tested. She fully resumed training about 3 months after testing. It was concluded that she was already recovering from NFO at the time of the study.
Protocol
A schematic overview of the test day can be found in l " Table 2 . Subjects were asked to have breakfast before 7 a. m. They reported to our laboratory at 9 a. m. After an intake by the sports physician, the first venipuncture was taken. Immediately after the first exercise bout, the second blood sample was drawn. After the first exercise test, the subjects rested for four hours. They had lunch two hours before the third blood sample was drawn. This blood sample was drawn just before the second exercise test. After this test, the fourth and last blood sample was drawn. The RESTQ-sport and the POMS were filled out after the lunch, before the second exercise test. The Vienna Determination Test was also performed between lunch and the second exercise test.
Recovery stress questionnaire for athletes
A Dutch translation of the RESTQ-sport was used to assess the perceived frequency and direction of general and sport specific stress and of general and sport specific regeneration activities [8] . Subjects were asked to indicate how often stressful events and regeneration related activities occurred to them in the last week. Questions were answered on a 7 point Likert-type scale with 0 = never and 6 = always. The RESTQ-sport consists of 19 scales. Each scale consists of 4 questions. The RESTQ-sport has sufficient reliability and validity [8] . Crohnbach's alpha and the intra-class correlation of the Dutch translation are comparable to the original English questionnaire (unpublished data).
Profile of mood states
In the present study, the Dutch version of the POMS was used to measure mood states. Subjects were asked to respond to what degree 32 statements corresponded to their feelings at the moment on a 5-point scale ranging from 0 = not at all to 4 = very much. The Dutch POMS consists of 5 scales with a total of 32 items that assess the negative moods depression (8 items), anger (7 items), fatigue (6 items), and tension (6 items) and the positive mood vigor (5 items). The Dutch POMS has sufficient reliability and validity [23] .
Reaction time task
The Determination Test, performed on the Vienna Test System (Schuhfried, Moedling, Austria), is a reaction time test with five different visual stimuli to which a manual reaction is required, two visual stimuli to which a pedal reaction is required and one auditory stimulus to which a manual reaction is required. The Determination Test consists of two parts. In the first part, the action mode, a new stimulus occurs as soon as a correct reaction is given. This part lasts 5 minutes. In the second part, the reaction mode, the stimuli occur in six blocks with preset presentation times of 1.225, 0.948, 0.834, 0.734, 0.646 and 0.834 s. Two manual reactions to visual stimuli should be ignored. The reaction mode consists of a total of 360 stimuli. Median reaction times were calculated for each subject for the action mode and the reaction mode and for the six subsequent presentation intervals of the reaction mode separately. Only correct, on time responses were used in the calculation of median reaction time. The Determination Test has high reliability. Cronbach's Alpha as well as split-half reliability are generally above .9 and always above .8 in the different test forms [17] .
Hormonal responses
Venipunctures were taken to measure venous cortisol and ACTH concentrations before and after two incremental graded exercise tests on a cycle ergometer until volitional exhaustion. The subjects started with a warming up at 60 W for three minutes. The exercise test started at 120 W. The load was increased by 30 W every three minutes. Blood samples were collected in Becton Dickinson vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ, USA), SSTII gel tubes for serum cortisol and K2E EDTA tubes for plasma ACTH. Samples were transported to the hospital laboratory immediately while stored on ice. The samples were analyzed through luminescence-immuno-assay.
Data treatment
Scores on the subscales of the RESTQ-sport were calculated by adding the scores on the items of each scale divided by the number of items. Scores on general stress and recovery and sport specific stress and recovery were calculated by adding the subscale scores divided by the number of subscales. Scores on the POMS subscales were calculated by adding scores on the items of each subscale divided by the number of items. Total POMS score was calculated by adding scores of the four negative mood scales, subtracting the score on the positive mood scale and adding 100 to this total to prevent negative scores. Hormone concentrations are presented in absolute as well as in percentage scores. Pre-exercise concentrations of both tests were set at 100%, postexercise concentrations were divided by pre-exercise concentrations and multiplied by 100%.
Results
!
Recovery stress questionnaire for athletes
The stress-regeneration profile of the three athletes can be found in l " Fig. 1 ; general stress and recovery and sport specific stress and recovery scores can be found in l " Table 3 . The control subject showed low levels on the general and sport specific stress scales and high levels on the general and sport specific regeneration scales of the RESTQ-sport. The athlete with NFO showed high levels of general and sport specific stress and much lower levels of general regeneration. On sport specific regeneration, the athlete with NFO showed low levels on the RESTQ-sport scales "being in shape" and "self efficacy" and high levels on the scales "personal accomplishment" and "self regulation". From l " Fig. 1 it can be seen that the athlete who was recovering from NFO showed stress levels between the healthy control and the NFO athlete. On general regeneration she also scored between the NFO and the healthy athlete. On sport specific regeneration she scored higher than both other subjects. 
Profile of mood states
Scores on the five scales of the POMS can be found in l " Fig. 2 ; total POMS scores can be found in l " Table 3 . The control subject showed low scores on the negative mood scales and a high score on the positive mood scale. The athlete with NFO showed a high score on the scale fatigue and moderate to low scores on the other mood scales including the positive scale vigor. The recovering athlete showed moderate scores on all scales.
Reaction time task
Median reaction times for the action and the reaction mode can be found in l " Table 3 . The athlete recovering from NFO showed shortest reaction times. The NFO athlete showed longest reaction times. The control athlete had a reaction time that was between the other two. Reaction times for the six blocks with different presentation times can be found in l " Fig. 3 . Reaction times are expressed as percentages of the median reaction time for the first block to equal out individual differences. The control athlete performs better on blocks with shorter presentation times compared to the reference block with the longest presentation time. The athlete with NFO performs worse as presentation times become shorter. The athlete recovering from NFO does not show performance differences at the blocks with the shortest presentation times compared to the reference block. Fig. 1 Scores on the Recovery Stress Questionnaire for Athletes for the nonfunctional overreached (NFO) athlete, the athlete recovering from NFO and the healthy control athlete. 
Hormonal responses
Maximal heart rates and venous concentrations cortisol and ACTH of the three subjects before and after the maximal exercise tests can be found in l " Table 4 . The athletes subjectively reported maximal effort in both exercise tests. Indeed, maximal heart rates did not differ between the tests. In l " Fig. 4 , cortisol reactions to maximal exercise are expressed as percentages of concentrations before exercise. The control subject showed a slight decrease in cortisol concentrations after both exercise tests. The athlete who was recovering from NFO showed a light decrease after the first and a slight increase after the second exercise test. The athlete suffering from NFO showed a slight increase in cortisol after the first and a large increase after the second exercise test. An increase in ACTH concentration after the first exercise test was found in all three athletes (l " Fig. 5 ). The reaction of ACTH to the second exercise test was comparable to the reaction to the first test for the control athlete and the athlete recovering from NFO. The NFO athlete showed a much larger increase in ACTH concentration to the second exercise test. Fig. 3 Reaction times at the six blocks of the reaction mode of the Determination Test expressed as percentages of the median reaction time for the first block for the nonfunctional overreached (NFO) athlete, the athlete recovering from NFO and the healthy control athlete. Fig. 4 Venous cortisol concentrations expressed as percentages of pre test concentrations for the nonfunctional overreached (NFO) athlete, the athlete recovering from NFO and the healthy control athlete.
Discussion
!
Using the most recent terminology [13, 15] , subjects were classified as NFO, as recovering from NFO and as a healthy athlete. On the different diagnostic tools, remarkable differences were found between the three athletes.
On the RESTQ-sport, high levels of general and sport specific stress were found in both patients. The NFO patient also showed low levels of general regeneration. This finding supports the idea that NFO is not just caused by high training loads, but by high levels of total stress in combination with low regeneration [9, 12] . Stress-regeneration profiles as found in the present study can give support to the diagnosis NFO as they give an indication for the etiology of underperformance and fatigue, of course after a careful exclusion diagnosis has taken place. The high stress and low regeneration levels found in the present study showed that the perceived stress-regeneration balance is still disrupted even though the acute training stressors have been taken away. The NFO athlete had refrained from training for 2 weeks and the recovering athlete for 3 months before participating in the study. Differences in perceived levels of regeneration indicate that the RESTQ-sport might be used as a tool to monitor the recovery process as there is no established indicator that marks the endpoint of recovery from NFO [13] . Besides being used as a monitoring tool, the RESTQ-sport might also give direction to treatment because of its many specific scales. For example, the two patients in the present study showed a large difference at the scale "conflicts/pressure" with much higher scores for the NFO athlete. Another remarkable difference between the two patients in the present study is the difference in "being in shape" and "self-efficacy". Solutions can be sought together with the athlete and the coaching team or the athlete might be referred to a specialist such as a sport psychologist. Total POMS scores were comparable between the NFO and the recovering athlete. As a shortened version of the POMS was used in the present study, it is difficult to compare these scores to the score of the NFO athlete in Hedelin et al. [4] study. What was clear from their study is that total POMS score decreased after recovery. This is comparable to the lower total POMS score of the control athlete in the present study compared to the two patients.
When looking at the mood profiles of the subjects in the present study, the control athlete showed a profile typical for athletes [18] . The NFO athlete scored low on three out of four negative mood scales, which is normal for athletes. She scored much higher on the negative scale "fatigue" and lower on the positive scale "vigor". The recovering athlete showed a typical nonathlete mood profile with scores around the middle of the scale [18] . It is not clear whether this nonathletic profile is due to no training for three months or is a reflection of the recovery process. Longitudinal studies should investigate what is the typical pattern of the POMS in athletes recovering from NFO and OTS. Besides the possible difference with the RESTQ-sport in diagnostic value, the POMS does also not give direction to intervention. Although the POMS has been used in hundreds of sport studies [10] , it was originally designed to measure the effect of psychotherapy and psychotropic drugs on mood states [23] . The RESTQsport is an adjusted version of the Recovery Stress Questionnaire to which seven scales have been added to make it sport specific. The original questionnaire was designed for use in the general population [8] . This difference could explain why the RESTQsport seems more suitable than the POMS in the present study. Another important difference is generality/specificity of the questionnaires. The POMS assesses four to seven mood states, dependent of the version used. The RESTQ-sport assesses 19 different stress and regeneration related scales divided over general and sport-specific areas. So far, it seems that the RESTQ-sport has better value in the diagnostic procedure than the POMS. On the action and reaction mode of the Determination Test, large individual differences were found in median reaction times. Shortest reaction times were found in the recovering athlete. The NFO athlete showed the longest reaction times. The control athlete scored in between the other two. It is difficult to ascribe these differences to the different training status of the three athletes. It is possible that these differences reflect normal individual variation, as norm data show large variability [17] . An additional explanation could be found in age effects. Comalli et al. [2] showed already in 1962 that performance on the Stroop Color Word test increases from young children to adults. However, no norm data for adolescents are available on the Determination Test [17] .
To eliminate these individual differences, reaction times of the different blocks in the reaction mode were expressed as percen- tages of median reaction time of the first block. Shorter reaction times in the blocks with short presentation times as found in the control athlete is a normal finding in healthy athletes (e.g., compare control group in [16] In the present study two maximal exercise tests were used to create physical exhaustion. As the athletes subjectively reported maximal effort and maximal heart rates did not differ between the tests, we can conclude that the approach succeeded. As it has previously been concluded that resting values of hormone concentrations are difficult to interpret in terms of overreaching and overtraining [13, 21] , reactions to the double exercise protocol will be discussed. Results will be compared to the results by Meeusen et al. [14] as these are the only reference data available. Meeusen et al. [14] measured hormonal reactions to a double exercise protocol before and after a training camp. Data of an athlete diagnosed with OTS were also presented [14] . Hormonal reactions of the control athlete to the double exercise protocol were comparable to post-training camp reactions. This could be due to the fact that the control athlete was tested after an intensive training week. Hormonal reactions of the NFO athlete were completely different. She showed a slight increase in cortisol concentration after the first and a large increase after the second exercise test. ACTH reactions showed a similar pattern as cortisol, but with a much larger percentual increase after the second exercise test. This possibly reflects hypersensitivity of the pituitary gland and insufficient recovery after the first test in the NFO patient. Prolonged hyperreactivity in NFO patients who keep on training may eventually lead to exhaustion of the pituitary gland as suggested by Meeusen et al. [14] describing the hormonal reactions to a double exercise test in an OTS patient.
The recovering athlete showed a cortisol reaction comparable to the pre-training camp data of Meeusen et al. [14] . Her ACTH reaction was comparable to the post-camp condition. It appears that during her recovery process, hypothalamic-pituitary-adrenal axis function almost normalized but only a slight hypersensitivity of the pituitary gland still persists, which possibly indicates that she was not fully recovered yet. Future research should show how specific and how sensitive this method is in diagnosing NFO. Additionally, athletes with OTS should be tested as well to investigate the value of this procedure for diagnosing OTS, as well as to investigate if NFO can be distinguished from OTS using Meeusen's [14] double exercise protocol. The RESTQ-sport, the Vienna Determination Test and the hormonal responses to two exercise tests are three different tools that could have different values in the diagnosis of NFO. The POMS seems to be a less suitable tool. The three valuable tests differ in difficulty of assessment but also in manipulability. A questionnaire could be manipulated easily whereas manipulation of a reaction time task is more difficult. Both tests are not demanding for the athlete. For the sports physician, the questionnaire is the tool that can most easily be used in daily practice. The hormone test, the double exercise protocol, seems least manipulable but is most demanding. Apart from the unique combination of diagnostic tools the present study is also unique in the use of new terminology. It is important to make the distinction between NFO and OTS as the prognosis is different [13, 15] . This distinction is an important nuance, especially for the athlete. Also the distinction between FO and NFO is important. As FO is seen as a state with possible positive consequences it does not have the negative annotations of NFO. It is important to consistently use the new terminology to prevent confusion in sports science as well as in clinical settings. Of course, the major weakness of the present study is the small sample size. Only one patient with NFO, one patient who was recovering from NFO and one healthy athlete were studied. In future studies more patients should be presented to make quantitative comparisons. The sensitivity and specificity of the diagnostic tools should be calculated so that sports physicians can make an argumented choice.
In conclusion, the RESTQ-sport, the Vienna Determination Test and the double exercise protocol are promising tools for the diagnosis of NFO. In future studies more patients should be tested, including patients with OTS.
